SILICON FOCUS RING AND 
METHOD FOR PRODUCING THE SAME 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a silicon focus ring 
for a plasma etching, for example, used for a dry etching 
apparatus used in a fabrication process of a semiconductor 
device. 

Description of the Related Art: 

For example, in fabrication of such as a 
semiconductor device, apparatuses utilizing plasma are 
mostly used when a silicon wafer is formed thin film or 
etched. Among such apparatuses, for example, when a 
parallel plate plasma apparatus is used, a silicon wafer to 
be treated is placed on a lower electrode side, a reaction 
gas is distributed from an upper electrode side, which is 
parallel to the lower electrode, and high frequency plasma 
is generated by applying high frequency voltage to both 
electrodes, so that the silicon wafer can be etched. 

As for such a plasma apparatus, in order to maintain 
even characteristics of a semiconductor device to be 
fabricated on the surface of a silicon wafer, plasma 
supplied to a silicon wafer has to be uniformed. Therefore, 
it has been conventionally devised that a circular part 
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what is called focus ring is placed around a wafer. For 
example, it has been performed that since a focus ring 
consisting of a conductor such as graphite is placed, 
plasma is extended to outside of the wafer so as to improve 
uniformity of plasma applied to the wafer. However, this 
focus ring itself is also etched by plasma while the 
silicon wafer is etched. 

Conventionally, a focus ring has been made of high 
purified graphite material, which has conductivity, high 
chemical stability, and low influence to contaminate a 
silicon wafer with metallic impurities. However, the 
graphite material is complex of particles consisting of 
aggregate and matrix, there may be problems such that 
constitutive particles are scattered and consumed due to 
plasma etching, and the particles fall on a silicon wafer 
to be treated, which may lead to trouble in formation of 
circuit pattern. To solve these problems, glassy carbon 
has been used for focus ring material recently. 

However, even if the glassy carbon is used for the 
focus ring, the silicon wafer can not be prevented from 
contamination. In fabrication of a semiconductor device, 
contamination of a silicon wafer may cause to degrade its 
characteristics and lower device yield. Accordingly, it 
has been proposed that material of a focus ring is replaced 
glassy carbon causing contamination with single crystal 
silicon, which is the same material as a silicon wafer. 

However, even if a focus ring is made of single 
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crystal silicon with high purity as a whole, it is 
inevitable in forming process of a single crystal silicon 
plate sliced from a single crystal silicon ingot that 
impurities generating from a processing apparatus adhere to 
the surface of a focus ring when machining cut or polishing • 
process is performed. These impurities are also generated 
from such as materials or tools used in each of processing 
apparatus, and they are mainly heavy metal. Even a small 
amount of such impurities cause a serious problem in 
fabrication process of a semiconductor device. That is, if 
the focus ring to which impurities adhere is used 
continuously, there is a problem that these impurities 
float and fall onto a silicon wafer, and cause to lower the 
yield in a semiconductor device fabricated on a' silicon 
wafer. Also, the focus ring may be contaminated by a small 
amount of such as heavy metal in a plasma etching process 
itself. 

Moreover, there is a problem that these impurities of 
heavy metal adhering a focus ring not only adhere to the 
surface of the focus ring but also diffuse inside the focus 
ring, so that defects are generated. Such impurities of 
heavy metal can be confirmed as pits by breaking a focus 
ring to which impurities are adhered, subjecting its broken 
section to such as Secco etching, and observing it under a 
microscope. These defects due to such impurities cause to 
generate particles on a focus ring and to lower a life. 
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SUMMARY OF THE INVENTION 
The present invention has been accomplished to solve 
the above-mentioned problems, and an object of the present 
invention is to provide a silicon focus ring consisting of 
single crystal silicon used as a focus ring in a plasma 
apparatus wherein disadvantages due to impurities of such 
as heavy metal can be prevented. 

To achieve the above-mentioned object, the present 
invention provides a focus ring consisting of single 
crystal silicon used as a focus ring in a plasma apparatus 
wherein concentration of interstitial oxygen in a silicon 
focus ring is not less than 5x10^^ atoms/cm^ and not more 
than 1.5x10^^ atoms/cm^. 

• As described above, when such a silicon focus ring of 
which interstitial oxygen concentration is not less than 
5x10^"^ atoms/cm^ and not more than 1.5x10^^ atoms/cm^ is used 
as a focus ring in a plasma apparatus, for example, a 
sufficient amount of oxygen precipitation is generated in a 
bulk portion of a focus ring at a high temperature, the 
effect, which can capture impurities such as heavy metal 
adhered to a silicon focus ring, what is called, intrinsic 
gettering effect (IG effect) , can be obtained sufficiently. 
Therefore, the focus ring has gettering effect, and 
disadvantage such that impurities adhered to the focus ring 
fall on a silicon wafer to be treated can be prevented. 
Moreover, defects due to such impurities on the surface 
portion of the silicon focus ring can be suppressed by the 
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gettering effect, as the result of this, generation of 
particles on the focus ring surface can be reduced. 
Furthermore, if oxygen concentration is in. the 
aforementioned range, defects' due to oxygen precipitation 
such as OSF (oxidation induced staking fault) are not 
generated by excessive oxide precipitation during use of 
the focus ring, and as the result of this, generation of 
roughness causing particles on the focus ring surface can 
be prevented. 

It is desirable that nitrogen concentration in the 
silicon focus ring is not less than 5x10-^^ number/cm^ and 
not more than 5x10^^ number/cm^. 

As described above, if nitrogen concentration in the 
silicon focus ring is not less than 5x10^^ number/cm^ and 
not more than 5x10^^ number/cm^, oxygen precipitation in a 
bulk portion of the silicon focus ring is promoted 
sufficiently, and gettering effect can be more effective. 

Further, it is desirable that the surface of the 
silicon focus ring is subjected to etching treatment. 

As described above, if the surface of the silicon 
focus ring is subjected to etching treatment, mechanical 
damage layer generated in forming process of a silicon 
focus ring can be eliminated, generation of particles can 
be reduced, and there are few adhered heavy metal . 

Also, the present invention provides a producing 
method for a silicon focus ring used for a plasma apparatus, 
wherein a single crystal silicon wherein concentration of 
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interstitial oxygen is not less than 5x10"^^ atoms/cm^ and 
not more than 1.5x10-^^ atoms /cm^ is grown by a Czochralski 
method, the single crystal silicon is processed in a circle, 
and a silicon focus ring is produced. 

As described above, in the producing method for a 
silicon focus ring, the single crystal silicon having 
predetermined concentration of interstitial oxygen is grown 
by a Czochralski method, the single crystal silicon is 
processed in a circle, and the silicon focus ring is 
produced. As the result of this, the silicon focus ring, 
which can be prevented disadvantages due to impurities such 
as heavy metal by a simple method, can be produced. 

In this case, it is desirable that a single crystal 
silicon is grown by a Czochralski method with doping 
nitrogen, so that nitrogen concentration of the silicon is 
not less than 5x10^^ number/cm^ and not more than 5x10^^ 
number/cm^. 

It is because gettering effect of a silicon focus 
ring to be produced is higher, and disadvantages due to 
impurities such as heavy metal can be prevented. 

As described above, according to the present 
invention, since concentration of interstitial oxygen 
contained in a silicon focus ring consisting of silicon 
single crystal used as a focus ring in a plasma apparatus 
is not less than 5x10^"^ atoms/cm^ and not more than 1.5x10^^ 
atoms/cm^, sufficient gettering effect can be afforded to 
the silicon focus ring. Accordingly, disadvantages due to 
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impurities such as heavy metal can be prevented, and the 
yield in fabrication of a semiconductor device can be 
improved . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig.l is . an explanatory view of one example of the 

silicon focus ring according to the present invention, (a) 

is its plane view and (b) is its vertical sections- 
Fig. 2 is an explanatory view of one example of a 

plasma apparatus in which the silicon focus ring according 

to the present invention is used. 

DESCRIPTION OF THE INVENTION AND A PREFERRED 

EMBODIMENT 

The present invention will be further described below 
in detail. 

The present inventors have found that in a silicon 
focus ring consisting of silicon single crystal used as a 
focus ring in a plasma apparatus of the present invention, 
if optimum concentration of interstitial oxygen contained 
in the silicon focus ring is chosen, sufficient gettering 
effect can be achieved in the silicon focus ring, and 
disadvantages caused by adhesion of impurities such as 
heavy metal to the silicon focus ring can be prevented, and 
have studied various conditions further to complete the 
present invention. 

Namely, when a silicon focus ring containing a 
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suitable amount of interstitial • oxygen is used for a plasma 
apparatus, the temperature of the silicon focus ring 
becomes high, since it is in contact with plasma. Then, 
interstitial oxygen contained therein is precipitated to 
form precipitates, and a getter ing effect can be achieved. 
Impurities such as heavy metal adhered to the silicon focus 
ring and defects in the surface portion of the focus ring 
are captured by gettering sinks in a bulk portion of the 
silicon focus ring. As a result of this, particles 
generated on the surface of the focus ring can be reduced. 

Conventionally, it has been known that an oxygen 
precipitation induced bulk fault due to interstitial oxygen 
can be an effective gettering sink in intrinsic gettering. 
The inventors of the present invention have thought of 
possibility of applying gettering used in fabrication 
process of a device to a silicon focus ring in a plasma 
apparatus, and made a lot of experiments and investigated 
as for a relation between concentration of interstitial 
oxygen and gettering effect. 

As a result of this, it has been found that, if 
concentration of interstitial oxygen in a silicon focus 
ring is not less than 5x10^^ atoms/cm^, oxygen precipitates 
are generated when the focus ring is used, and sufficient 
gettering effect can be achieved. However, if 
concentration of interstitial oxygen is more than 1.5x10^^ 
atoms/cm^, defects due to oxygen precipitation such as OSF 
(oxidation induced stacked fault) are sometimes generated. 



8 



which may lead to roughening surface of the silicon focus 
ring. Accordingly, concentration of interstitial oxygen of 
the silicon focus ring should be not more than 1.5x10^^ 
atoms/cm^. 

Furthermore, it has been known that nitrogen number 
in the silicon, single crystal has an effect of increasing 
oxygen precipitation (for example, F. Shimura and R. S. 
Hockett, Appl. Phys. Lett. 48, 224, 1986). Accordingly, 
the inventors of the present invention have thought of 
achieving more effective gettering effect by allowing the 
silicon focus ring to contain an adequate amount of 
nitrogen so as to increase oxygen precipitation in a bulk 
portion of the silicon focus^ ring. 

The inventors also made experiments and investigation 
as for a relation between nitrogen concentration in a 
silicon focus ring and a gettering effect, and found that 
if nitrogen concentration in the silicon focus ring is not 
less than 5x10^^ number/cm^, a sufficient effect of 
increasing oxygen precipitation can be achieved, and more 
effective gettering effect can be achieved. However, it 
was also found that in the case when nitrogen concentration 
was not less, than 5x10^^ number/cm^, an excessive oxygen 
precipitation caused to generate a lot of defects due to 
oxygen precipitation such as OSF, so that surface of the 
silicon focus ring might become rough. Furthermore, if 
nitrogen concentration is not less than 5x10^^ number/cm-^, 
which is solid solubility limit in a silicon single crystal. 



monocrystallization of the silicon single crystal itself 
may be inhibited during growth of the silicon single 
crystal constituting the focus ring according to such as a 
Czochralski method. Accordingly, the inventors defined 
more preferable nitrogen concentration in the silicon focus 
ring to be not. less than 5^10^^ number/cm^ and not more than 
5x10^^ number/cm^. The .present invention has been 
accomplished by further studying on the basis of the 
findings described above. 

Embodiments of the present invention will now be 
described. However, the present invention is not limited 
thereto. 

Concentration of interstitial oxygen of the present 
invention contained in the silicon focus ring should be in 
the range of not less than 5x10^^ atoms/cm^ and not more 
than 1.5x10^^ atoms/cm^. Such concentration of interstitial 
oxygen can be achieved by the following method. 

When a silicon single crystal ingot constituting a 
silicon focus ring of the present invention is pulled 
according to a Czochralski method, a polycrystalline 
silicon as raw material is first molten to prepare a 
silicon melt. Such a silicon is generally molten in a 
quartz crucible. In this case, when the silicon is molten 
in the quartz crucible, the surface of the quartz crucible 
in contact with the silicon melt is molten into the silicon 
melt, and oxygen is mixed with the silicon melt. By 
adjusting the number of rotation of the crucible while the 
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ingot is pulled from the silicon melt^ an amount of oxygen, 
which is molten and mixed into the silicon melt, can be 
controlled, and concentration of interstitial oxygen in the 
silicon single crystal can be easily controlled. 

The oxygen concentration can also be easily 
controlled to be in the above-mentioned range by increasing 
or decreasing gas volume flowing into a chamber, increasing 
or lowering an atmosphere pressure, controlling temperature 
distribution and convection of a silicon melt in a crucible 
or the like. 

It is also desirable that nitrogen concentration 
contained in the silicon focus ring of the present 
invention is in the range of not less than 5x10^^ number/cm^ 
and not more than 5x10^^^ number/cm^. Nitrogen can be 
introduced into the crystal by such as forming a nitride 
film on a silicon wafer according to CVD method or the like, 
placing the silicon wafer having the nitride film in a 
quartz crucible together with a polycrystalline silicon as 
raw material, and melting them. In the case, a nitrogen 
concentration can be controlled to be in the above- 
mentioned range by adequately controlling an amount of the 
nitride film on the silicon wafer to be added in the raw 
material. Accordingly, nitrogen concentration of the focus 
ring can be controlled quite accurately. 

Nitrogen can also be doped in the silicon single 
crystal to be pulled by adding nitride itself in a silicon 
melt, using atmosphere gas containing nitrogen, or doing 
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the like. In these cases, a doping amount of nitrogen in 
the silicon single crystal can be adjusted by controlling • 
such as an amount of nitride, concentration or introduction 
time of nitrogen gas , 

As described above, a silicon single crystal ingot 
having a desired interstitial oxygen concentration and 
nitrogen concentration can be produced. 

The silicon single crystal ingot produced as 
described above is sliced to have a desired thickness, and 
subjected to optimal processes adequately selected from 
such as forming process of machining inner and outer 
periphery and polishing process of polishing the surface, 
so as to produce a silicon focus ring consisting of silicon 
single crystal. 

In that case, it is desirable that the surface of the 
silicon focus ring is subjected to etching treatment. It 
is because a work damage layer sometimes remains on the 
surface of the silicon focus ring during fabrication 
process of machining inner and outer periphery, surface 
polishing or the like, which may lead to generate particles 
on the surface of the silicon focus ring, and the particles 
may adhere to the silicon wafer to be treated. 

Accordingly, the work damage layer remaining on the 
surface of the focus ring can be removed by etching the 
surface of the silicon focus ring. Any type of etching 
treatment such as acid etching or alkali etching can be 
conducted, as far as the surface of the silicon focus ring 
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can be etched. Furthermore, in a fabrication process of 
the silicon focus ring, it is more preferable that cleaning 
using such as acid etching or alkali etching is 
appropriately conducted to remove impurities adhered to its 
surface. Specifically, a mixed acid such as HF+HNO3+CH3COOH, 
an aqueous solution of NaOH, KOH or the like can be used. 

As described above, the silicon focus ring of the 
present invention can be obtained. The silicon focus ring 
is, for example, a silicon focus ring 1 consisting of 
silicon single crystal as shown in Fig.l. A bump portion 
"r" is formed at an inner periphery portion of the silicon 
focus ring 1 to place a silicon wafer. 

Such a silicon focus ring 1 of the present invention 
is used with being mounted to a plasma apparatus 10 as 
shown in Fig. 2. The plasma apparatus 10 comprises a 
chamber 11 to which a gas feed system 12 and a gas exhaust 
system 13 are connected, and an upper electrode 2 which is 
installed in the chamber 11. A reaction gas supplied from 
the gas feed system 12 is emitted downward of the upper 
electrode 2 through gas flowing holes 3. A silicon focus 
ring 1 facing the upper electrode 2 is connected to a high 
frequency power supply via a lower electrode 14. 

Then, the silicon wafer W to be treated is loaded on 
the silicon focus ring 1 to which high frequency electric 
power is applied, and a surface of the silicon wafer W is 
etched by plasma discharge generated between the upper 
electrode 2 and the silicon focus ring 1 facing it. 



During the above-mentioned etching treatment, the 
silicon focus ring 1 of the present invention has a 
sufficient gettering effect, since its interstitial oxygen 
concentration is in a suitable value. Accordingly, even if 
impurities such as heavy metal adhere to the surface during 
productive processing steps, or inside of the plasma 
apparatus is contaminated with heavy metal, impurities such 
as heavy metal can be captured into the bulk portion of the 
focus ring 1. Accordingly, disadvantage such as 
contamination caused by fall of impurities onto the silicon 
wafer can be prevented. 

Furthermore, the silicon focus ring 1 of the present 
invention can also prevent defects in the surface portion 
of the silicon focus ring. Accordingly, even if the 
silicon focus ring 1 is used continuously for a long time, 
the surface of the focus ring 1 can be prevented from 
generating particles. Accordingly, giving particles from 
the focus ring 1 to the silicon wafer can also be prevented. 

Example 

Examples and Comparative examples will be explained 

below. 

(Examples 1 to 4, Comparative Examples 1 to 4) 

The silicon focus ring as shown in Fig.l (a) and (b) 

was produced by the following method. 

In accordance with CZ method, polycrystalline silicon 

of raw material was charged into a quartz crucible having a 



diameter of 36 inches, and eight single crystal ingots of P 
type and 0.1 Q • cm having a diameter of 10 inches were 
pulled. Any of crystals were pulled with varying oxygen 
concentration in the single crystal by controlling the 
number of rotation of the crucible during pulling. Any of 
crystals were also pulled with varying nitrogen 
concentration in the single crystal by charging the silicon 
wafer having silicon nitride film of which thickness are 
different from each other in advance into the raw material. 

The eight silicon single crystal ingots having a 
diameter of about 270mm pulled as described above were 
subjected to a cylindrical grinding. Subsequently, the 
focus ring material having a thickness of 4 mm was sliced 
therefrom, and its inner and outer peripheral portion were 
grinded to produce a material having an outer diameter of 
2 60mm and an inner diameter of 200mm. A bump "r" for 
placing a silicon wafer was formed at an inner peripheral 
portion of the focus ring material. Then, the surface of 
the silicon focus ring was etched with HF+HNOs+CHaCOOH to 
remove the work damage layer generated during processing. 

Eight kinds of the silicon focus rings thus obtained 
were mounted in the plasma apparatus as shown in Fig. 2, and 
a silicon wafer was subjected to dry etching. Each state 
of contamination of the silicon wafer after the etching and 
surface roughness of the silicon focus ring after being 
used were evaluated. 

The results of the measurement were shown in Table 1. 
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concent rat ion 
(atoms/cm ) 


Nitrogen 
concentration 

( number/ cm*' ) 


State of 
contami- 
nation in 
Wafer 


state of 
roughness 
of surface 
of silicon 
focus ring 


Exairple -l 


5.0 X 10'' 


1.0 X 10'' 


O 


O 


Exarrple 2 


1.5 X 10'' 


1.0 X 10'^ 


O 


O 


Exairple 3 


5.0 X 10'' 


5.0 X 10" 


© 


@ 


Exanple 4 


1.5 X 10'' 


5.0 X 10'^ 


@ 


© 


Coirparative 
Exarrple 1 


4.9 X 10" 


1.0 X 10'^ 


X 


X 


Corrparative 
Exanple 2 


1.6 X 10'' 


1.0 X 10"* 


A 


X 


Corrparative 
Exairple 3 


4.9 X 10" 


4.9 X lO"* 


X 


X 


Coirparative 
Exanple 4 


1.6 X 10" 


5.1 X 10'^ 


A 


X 



In Table 1, Examples 1 to 4 show results of etching 
using the silicon focus rings of the present invention. 
Comparative examples 1 to 4 show results in the case that 
the silicon focus rings wherein concentration of oxygen or 
nitrogen were not in the range of the present invention was 
used. Evaluation of the state of wafer contamination in 
Table 1 was conducted on the basis of the following 
criterion. As for preventive effect of contamination of 
the silicon focus ring, X represents quite large one in 
wafer contamination, A represents large one, O represents 
so small one that there is no problem and @ represents 
almost no influence. As for degree of generation of 
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surface roughness on the surface of the silicon focus ring, 
X represents quite large one in surface roughness, A 
represents large one, O represents so small one that there 
is no problem, and @ represents almost no surface 
roughness , 

As shown, in Table 1, when the silicon focus ring of 
the present invention wherein concentration of interstitial 
oxygen contained in the silicon focus ring is not less than 
5x10^^ atoms/cm^ and not more than 1.5x10^^ atoms/cm^ is used 
as in Examples . 1 to 4, contamination of the silicon wafer 
to be treated can be reduced, and surface roughness of the 
surface of the silicon focus ring can be also reduced. 
Namely, particles generated from a defect portion of .the 
surface can be reduced. 

Especially, when a silicon focus ring contains a 
sufficient amount of nitrogen as shown in Example 3 and 
Example 4, contamination of the wafer and surface roughness 
of the surface of the silicon focus ring can be further 
reduced. 

On the contrary, as shown in Comparative examples 1 
to 4, it is apparent that the silicon focus ring, which is 
out of the range of the present invention, can not give the 
preventive effect of contamination to the wafer. Also, 
since the surface of the silicon focus ring was badly 
roughed, it is expected that particles due to surface 
defects were. much generated. 

The present invention is not limited to the above- 



described embodiments. The above-described embodiments are 
mere examples, and those having substantially the same 
structure as that described in the appended claims and 
providing the similar action and effects are included in 
the scope of the present invention. 
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